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ABSTRACT 
Sectioned dorsal giant fibers of the earthworm Ei~eniafoetida have been studied 
with  the  electron microscope. The giant axon is surrounded by a  Schwannian 
sheath in which the lamellae are arranged spirally. They can be traced from the 
outer surface of the Schwann cell to the axon-Schwann membranes. Irregularities in 
the  spiral  arrangement  are  frequently  observed.  Desmosome-like attachment 
areas occur on the giant fiber nerve sheath.  These structures  appear  to be ar- 
ranged bilaterally  in columns which are oriented slightly obliquely to  the  long 
axis of the giant fiber and aligned linearly from the axon to the periphery of the 
sheath. At these sites they bind together apposing portions of Schwann cell mem- 
brane comprising the sheath. Longitudinal or oblique sections of the nerve sheath 
attachment areas are reminiscent of the Schmidt-Lantermann clefts of vertebrate 
peripheral nerve. Septa of the giant fibers have been examined. They are sym- 
metrical or non-polarized and consist of the two plasma membranes of adjacent 
nerve units.  Characteristic  vesicular and tubular structures  are associated with 
both cytoplasmic surfaces of these septa. 
INTRODUCTION 
It  has  previously been  shown  that  the  giant 
fiber  of  the  earthworm  has  a  lamellated  sheath 
(Clapar6de,  1869;  Schultz,  1879;  Leydig,  1886; 
Friedl~nder,  1888;  Stough,  1926). From  polar- 
ized  light  studies  Taylor  (1940)  concluded  that 
the  sheath  ultrastructure is  qualitatively similar 
to  that  of  frog  sciatic  nerve  fibers,  containing 
lipide  molecules  oriented  radially  and  protein 
sheets arranged tangentially. 
Recent studies with x-ray diffraction and elec- 
tron microscopy have revealed further details in 
the membranous structures that form the myelin 
sheath  of  vertebrate  nerves  (Fern/~ndez-Mor~n 
and  Finean,  1957;  Robertson,  1957, 1958;  Sj~s- 
trand,  1953). The investigations of  Geren (1954, 
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1956)  and  of  Robertson  (1955) have  demon- 
strated  a  spiral  arrangement  of  Schwann  cell 
surface  membranes in the  myelin sheath  of  ver- 
tebrate peripheral nerve. 
Electron microscope  studies  of  giant fibers  of 
the earthworm  (De  Robertis and Bennett, 1954) 
and  certain  other  invertebrates  (Geren  and 
Schmitt, 1953, 1954) disclosed  a lamellar structure 
in the  sheath,  but left room for further explora- 
tion of  membrane  relationships and  of  detailed 
fine structure. 
Earthworm  giant  fibers  are  partitioned  by 
oblique septa occurring at intervals, one to  each 
body  segment  (Leydig,  1886;  Stough,  1926; 
Smallwood  and  Holmes,  1927;  Prosser,  1946; 
Nicol,  1948;  Issidorides,  1956). Referring to  the 
functional significance of the septa, Stough (1930) 
suggested  that  they  may be  responsible for  uni- 
directional  conduction.  Others  disagreed  with 
this  concept and did  not consider the  septa  im- 
portant  in  establishing polarity  of  transmission 
(Bullock, 1940, 1945, 1952; Adey, 1951; Kao and 
Grundfest, 1957). The electron microscope studies 62  GIANT NERVE  FIBERS 
by  De  Robertis  and  Bennett  (1954)  and  by Issi- 
dorides  (1956)  did  not  provide  definitive  mor- 
phological  evidence  relating  to  the  question  of 
polarity  in  the giant fiber septa 
Materials  and Methods 
Earthworms  (Eisenia foetida)  were  placed  on  ice 
in an extended  position for a  few  minutes in order to 
quiet  them.  Ventral  nerve  cords  were  fixed  in  situ 
whilst the worms were on the ice by injecting into the 
coelomic cavity cold  (4°C.)  fixative consisting of equal 
parts of 5 per cent OsO4 and collidine buffer (pH 7.4) 
(Bennett  and  Luft,  1959). After  about  5  minutes, 
portions  of nerve cords  were  removed,  cut  into  bits, 
and placed in fresh fixative for 30 minutes to 4 hours 
at 4°C. 
The  material  was  rapidly  dehydrated  through  a 
series  of  graded  concentrations  of  ethyl  alcohol  and 
embedded in a  mixture of 90  per cent n-butyl meth- 
acrylate and  10 per cent methyl metbacrylate. Blocks 
were  sectioned  with  glass  knives  on  a  Porter-Blum 
microtome and  observed with RCA EMU 2A and  2C 
electron  microscopes  fitted  with  compensated  objec- 
tives,  50 /z objective apertures,  and  special  stabilized 
lens power supplies. 
Permanganate fixation (Luft,  1956) with subsequent 
araldite  embedding  and  phosphotungstic  acid  treat- 
ment  were also  used  for special purposes. 
OBSERVATIONS 
A. Axon Sheath: 
1. Lamellae.--The general fine structure  of  the 
giant  axon  and  the  giant  fiber  sheath  is  illus- 
trated  in  Fig.  1.  The  giant  fiber  sheath  consists 
of  irregularly  spaced,  spirally  arranged  lamellae. 
There  are  15  to  30  layers  in  the  median  giant 
fiber and  2  to  15  layers  in the lateral giant fiber. 
These  lamellae  are  not  arranged  with  the  high 
degree  of  order  seen  in  the  vertebrate  myelin 
sheath  and  are  interleaved  here  and  there  with 
varying  amounts  of  interlamellar  Schwann  cell 
cytoplasm  containing  mitochondria,  endoplasmic 
reticulum,  vesicles, granules  of various  sizes,  and 
filamentous  structures  (Figs.  1 to 4). 
Fig.  2  shows  a  rare  case  in which  lamellae are 
arranged  nearly  as  regularly  and  compactly  as 
they  are  in  the  myelin  sheath  of  vertebrate  pe- 
ripheral nerves. 
In  some  instances,  especially  in  the  lateral 
giant  fiber,  the  construction  of  the  sheath  is  so 
simple  that  the  Schwann  cell plasma  membrane 
can  be  traced  continuously  in  an  irregular  spiral 
from  the outer  Schwann  cell surface  to  the axon- 
Schwann  interface  (Fig.  3). 
In  specimens  fixed  in  OsO4  and  embedded  in 
methacrylate,  the  sheath  lamel!ae  appear  to  be 
about  150  to  200  A  thick.  Each  consists  of  two 
plasma  membranes  separated  by  a  35  to  90  A 
gap.  Favorable  cross-sections  show  each  mem- 
brane  in  transverse  section  as  a  pair  of  parallel 
dense  lines  separated  from  one  another  by  a 
lighter interval of about 25  A  (20 to 35 A).  Each 
dense  line is  about  25  A  (20  to  35  A)  thick  and 
the  whole  represents  a  unit  of  about  75  A  (55 
to  85  A)  across  (Fig.  8).  This  relationship  cor- 
responds  to  the  unit  membrane  structure  de- 
scribed  by  Robertson  (1957). 
In  permanganate-fixed  and  araldite-embedded 
material  there  is no gap  between  the  two plasma 
membranes  and  each lamella is seen to  consist of 
only  three  dense  lines.  The  central  line  results 
from  the  fusion  of  external  components  of  the 
apposing  unit  membranes  (Fig. 6). 
Occasionally  the position  of a  lamella  is  taken 
by  a  row  of  flattened  vesicles which  remain  ori- 
ented  linearly  between  intact  lamellae  (Fig.  4, 
insert; Fig. 6). 
2.  Attachment  Surfaces  of  Sheath.--At  certain 
places  in  cross-sections  of  the  median  and  the 
lateral giant fibers fusiform  densities  can  be seen 
on  the  lamellae  (Fig.  4).  These  densities  closely 
resemble desmosomes  or  nodes  of Bizzozero  (Od- 
land,  1958).  In  the  giant  axon  sheath  they  are 
usually  aligned  in  oblique  rows  from  the  axon 
to  the  periphery  of  the  sheath  and  frequently 
occur  on  opposite  bilateral  positions  (Figs.  1, 
3  to  5).  When  encountered  in  longitudinal  sec- 
tions,  the  sequence  of  these  elements  gives  rise 
to  the  appearance  of  long  dense  lines  oriented 
obliquely  to  the  long  axis  of  the  axon  (Fig.  9). 
Such  structures  as  these  have  not  been  recog- 
nized before in nerve sheaths,  though  in arrange- 
ment  and  general  appearance  they present  some 
resemblance  to  the  specially  arranged  myelin 
lamellae  which  characterize  the  incisures  of 
Schmidt-Lantermann  (Robertson,  1958).  Because 
these densities  have  the characteristic features  of 
terminal  bars  (Yamada,  1955)  and  of  nodes  of 
Bizzozero  or  desmosomes  of  the  "intercellular 
bridges"  of  stratified  squamous  epithelium  (Od- 
land,  1958),  they are presumed  to have an analo- 
gous  function,  and  are  interpreted  as  providing 
sites of firm attachment  between apposed  regions 
of  the  infolded  spirally  wound  Schwann  cell 
membrane  contributing  to  the  nerve  sheath.  For 
this  reason,  they  are  called  "nerve  sheath  at- 
tachment  areas."  The  Schwann  cell membrane  is KIYOSHI HAMA 
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TExT-Fla. 1. Schematic drawing of an entire attachment system, as seen in the sheath of the earthworm giant 
axon. In longitudinal section the attachment areas show a sequence oblique to the long axis of the giant  axon. In 
cross-section these attachment areas appear to be aligned linearly and  are bilateral in position. The insert shows 
the detailed structure of the nerve sheath attachment areas.  For explanation see text. 
here  specialized,  and  over  the  greater  part  of 
the  infolded  spiral  sheets  in  the  sheath,  the  ap- 
posed membrane surfaces seem merely to lie close 
to  each  other  without  being  as  firmly  bound 
together  as  they  are  in  the  attachment  areas. 
The  attachment  areas  of  the  nerve  sheath  bind 
together  different portions  of  the  cell membrane 
of the same cell (Schwann cell), rather  than mem- 
branes  of  different  cells  as  do  the  structures 
described  by Yamada  (1955)  and  Odland  (1958). 
The nerve sheath attachment  areas of the giant 
nerve  fibers  of  Eisenia foetida  are  found  along 
planes  which  radiate  laterally  from  the  axon  to 
the periphery of the sheath and which are slightly 
oblique to the long axis of the giant fiber, stabiliz- 
ing each fiber laterally. They  are found  here and 
there,  perhaps  segmentally,  though  this  has  not 
been dearly ascertained. 
The  cell  membranes  in  attachment  areas  are 
separated  from  one  another  by  a  slightly  less 
dense interval of about 55 A  (30 to 120 A). In the 
attachment  zone  the apposed  plasma  membranes 
are  thicker  (averaging  95  A,  ranging  from  65  to 
110  A),  than  they  are  in  adjacent  areas.  Each 
membrane  consists  of  parallel  dense  lines  of  un- 
equal  thickness  separated  by  a  light  interval  of 
about  40  A  (25  to  55  A)  (Figs.  4,  5,  7,  8).  The 
inner  dense  line,  which  faces  the  Schwann  cell 
cytoplasm, is about 35 A  thick, whereas the outer 
component  facing  the  intermembranous  gap  is 
about  25  A  across. 
In  the  material  treated  with  phosphotungstic 
acid, dense lines about 50 A  thick cross the inter- 
membranous  gap  in  the  attachment  area.  The 
structures  occur  at  intervals  of  about  60  A  and 
connect  the  outer  dense  lines  of  two  apposing 
plasma  membranes  (Fig.  7,  Text-fig.  1).  Each  of 
the  structures  crossing  the  intercellular  crevice 
reveals  the  characteristic  double  peaks  in  den- 
sity  which  are  features  of  Robertson's  (1957) 64  GIANT NERVE  FIBERS 
"unit membranes." Each  dense line continues to 
the  outer  layer  of  both  unit membranes in  the 
area. These structures have been seen previously 
by Wood  1 (1958)  in Hydra and are called by him 
"intercellular attachment lamellae." In the earth- 
worm  material  the  membrane  relationships  are 
not  so  clear  as  they  are  in  the  Hydra,  but  the 
same  relationship seems  to  exist,  insofar as  one 
can  see.  Similar  structures  have  been  pictured 
by  SjSstrand,  Andersson-Cedergren, and  Dewey 
(1958,  their Figs. 5 and 7)  in certain portions of 
the  attachment  areas  constituting the  intercal- 
ated  discs  of  vertebrate  heart  muscle.  In  the 
portions of the intercalated discs adjacent to areas 
of sarcoplasm which they designate as "S-regions," 
the intercellular space is crossed  by "fine opaque 
irregular lines." No  further  description is  given, 
but  from  the  illustrations it  seems  likely  that 
these  authors  have  observed  structures  corre- 
sponding to those shown here in the nerve sheath 
attachment areas  and  seen  by  Wood  in Hydra, 
where  more  details are  evident, and where  they 
appear to form intercellular attachment lamellae. 
In  the  interlamellar Schwann cytoplasm  situ- 
ated between consecutive sheath attachment areas 
one can observe bundles of  fine filaments which 
are oriented parallel to the long axis of  the giant 
fiber.  These  are  called  the  "longitudinal attach- 
ment filaments of  the  sheath."  In  cross-section, 
these  filaments  display  a  circular  appearance 
50  A  (40  to  80  A)  in diameter. A  second set  of 
fine filaments connects these longitudinal bundles 
and  the  dense  membrane of  attachment regions 
(Figs. 4 and 5). These are designated the  "radial 
attachment filaments of the sheath." 
The whole attachment system has an organiza- 
tion  as  diagrammed  in  Text-fig.  1.  Since  the 
lamellae are separated  from each other  by inter- 
calated  Schwannian cytoplasm,  the  attachment 
apparatus  here  presumably  serves  to  maintain 
the  relative  position  of  the  lamellae  during in- 
tense body movement. 
B. Septum: 
In  favorable  sections  membranes  can be  ob- 
served  crossing  the  axon.  These  comprise  a 
structure corresponding to the septum which has 
been  reported  by  many authors  (Leydig,  1886; 
Smallwood  and  Holmes,  1927;  Prosser,  1946; 
1 Wood presented  his  findings at  the 4th  Electron 
Microscopy  Conference held  in Berlin in September, 
1958. The  definitive  paper  has been  submitted for 
publication. See also: Anat. Rec., 1959, 188, 352. 
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TExT-FIe.  2.  Appearance of the septum in a  series 
of  cross-sections  of  the  giant  fiber. 
Nicol,  1948;  Issidorides,  1956).  According  to 
Stough's light microscope study  (1926),  septa  in 
the earthworm giant fiber are oblique partitions. 
When  they  are  observed  in  serial  cross-sections 
of  the  giant fiber,  they first  appear  on one  side 
of the giant fiber and in a  series  of sections pass 
to  the  other  side  (Text-fig.  2).  Since  the  same 
relationship has been observed in electron micro- 
graphs in the present study, the cross-membranes 
in the giant axon such as  are  shown in Figs.  10 
to  12  are  interpreted  as  corresponding  to  the 
septa seen with the light microscope. 
Each  segmented  unit  of  the  giant  axon  de- 
marcated by successive  septa represents a process 
of  a  nerve cell,  the  perikaryon of  which  lies  in 
nerve  tissue  outside  the  giant fiber.  The  main 
anatomical  features  of  these  cells  have  been 
studied with the light microscope  by Nicol (1948). 
The present electron microscope study  does  not 
deal with  the portions of  these  cells  outside  the 
giant fiber itself. 
In  electron  micrographs  each  septum  is  seen 
to  consist of  two plasma membranes of adjacent 
nerve  units.  The  two  plasma  membranes  are 
separated  from  each  other  by  a  gap  of  about 
65 A  (40 to 85 A). Together they form a  pair  of 
membranes 200  A  (150  to  250  A)  wide over-all. 
No  intercalated  tissues  of  lamellae  are  present 
between  these  two  plasma  membranes. Tubular 
elements of endoplasmic reticulum are associated 
with the septum and form a  network close  to its 
cytoplasmic surfaces  (Figs.  10 to  12). 
In some places characteristic vesicles  are asso- 
ciated with  the  septal membranes (Figs.  12  and 
13). These vesicles  are about 160 A  in diameter, 
are remarkably uniform, and are arranged in an 
orderly way on the  cytoplasmic surfaces of  each 
of  the  membranes  comprising  a  septum.  The KIYOSHI HAMA  65 
vesicles  are  oriented  and  regularly  spaced,  and 
often face a similar fellow vesicle in a symmetrical 
apposing position on  the  adjacent  membrane  of 
the neighboring neural unit. The relation of these 
vesicles  to  the  membranes  reminds  one  of  the 
synaptie  vesicles  (De  Robertis  and  Bennett, 
1955;  Palay,  1956,  1958).  If  these  are  synaptic 
vesicles,  their  special  symmetrical  arrangement 
here  suggests  a  synapse  with  bipolar properties. 
In  any  case,  no  consistent  morphological differ- 
ences  between  the  two  sides  of  such  a  septum 
have  been  observed.  Thus  the  septa  are  not 
polarized morphologically. 
DISCUSSION 
Sheath.--Although  in many cases the earthworm 
giant fiber sheaths display irregularities in lamel- 
lar  arrangement,  present  results  show  that  the 
relation between  Schwann  cell surface  and  axon 
surface is in principle  similar to that of  the ver- 
tebrate  myelin sheath.  Furthermore,  the  dimen- 
sions of  each lamella correspond to  those  of  the 
myelin sheath  as measured  by Robertson  (1957, 
1958). 
Lamellae  are  separated  from  each  other  by 
interlamellar Schwann  cytoplasm,  and  the  inner 
surfaces  of  lamellar membranes  do  not  fuse  to 
form dense lines in the sheath, as they do in ver- 
tebrate nerve. Thus the sheaths of the earthworm 
giant fibers resemble embryonic or young myelin 
sheaths  of  vertebrate  peripheral  nerves  (Geren 
1954,  1956;  Robertson,  1955). 
Attachment  Areas.--The  fine  structure  of  the 
nerve sheath  attachment  areas is similar to  that 
of  the  desmosome,  terminal  bar,  intercalated 
disc,  or  adhesion  plate  (Birbeck,  1957;  Birbeck 
and  Mercer,  1957;  Fawcett,  1958;  Fawcett  and 
Selby, 1958; Horstmann and Knoop, 1958; Porter, 
1954;  SjSstrand  el  al.,  1958;  Yamada,  1955).  In 
the sheath each of these structures appears to be 
part of a row or column oriented slightly obliquely 
to the long axis of the giant axon. 
Sepla.--Although  Stough (1926)  concluded that 
the  septa  represent  either  the  apposition or  the 
[usion  of  the  limiting  membranes  of  two  nerve 
elements which are in contact at these junctions, 
Taylor  (1940)  from  birefringence data,  and  Issi- 
dorides  (1956)  from  electron  microscope  data 
claimed that  the septum had  the same structure 
as  the  lamellar  sheath.  If  the  latter  concept  is 
correct,  it  is  difficult  to  understand  the  func- 
tional significance of the septum in impulse trans- 
mission,  because  myelin  is  generally  considered 
to serve as an insulator. 
The  present  morphological  evidence  supports 
Stough, in that the septum consists of two oppo- 
site plasma membranes of neighboring nerve units 
without  inserted tissues or lamellae. In addition, 
characteristic vesicular structures  resembling sy- 
naptic vesicles are associated symmetrically with 
both  surfaces,  and  there  is  no  structural  differ- 
ence  between  the  two  protoplasmic  surfaces. 
These findings suggest that  the septum furnishes 
a  broad contact surface capable of functioning in 
two-way  impulse  transmission  without  morpho- 
logical or physiological polarity. 
A  light microscope study reports  that  "neuro- 
fibril bundles"  are  attached  to  both  surfaces  of 
the  septum  and  form  a  complicated  network 
(Smallwood  and  Holmes,  1927).  The  present 
electron  micrographs  show  no  neurofilaments  or 
neuroprotofibrils, and  suggest  that  the  elements 
of  endoplasmic  reticulum  associated  with  the 
septa  may have  given  rise  to  the  impression of 
neurofibrils seen with the light microscope. 
The author is greatly indebted to  Dr.  H.  Stanley 
Bennett,  who provided an opportunity for doing  this 
work and invaluable kind advice during the course of 
this study. 
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as, axon-Schwann membranes. 
at, attachment area. 
ca, connective tissue capsule. 
er, endoplasmic reticulum. 
f, fibril bundle. 
fl, filamentous  structure  radiating  from  attachment 
area. 
gax, giant axon. 
EXPLANATION OF  PLATES 
All plate figures  represent electron micrographs of giant nerve fibers of the earthworm, Eisenia foetida.  Unless 
otherwise indicated,  fixation was in buffered osmium tetroxide followed by methacrylate embedding.  The scale 
bar represents 1 micron or, in some cases,  the fraction of a micron is indicated. 
A bbreviations 
gf, glial filament. 
m, mitochondria. 
ms, muscle cell. 
up, neuropile. 
sh, giant fiber sheath. 
sp, septum. 
ss, Schwann cell surface. 
PLATE 30 
FIG. 1. A low power electron micrograph of a transverse section of the median giant fiber.  The giant fiber lies 
directly beneath  the connective tissue capsule  (ca) of the dorsal part  of the nerve cord.  Surrounding the axon 
(gax) is a Schwannian sheath with spiral lamellae. Below it is a neuropile portion of the nerve cord (up).  Spind!e- 
shaped  densities representing  nerve sheath  attachment  areas  (at)  occur on  the lamellae in bilateral  positions. 
Interlamellar spaces contain mitochondria, granules, and vesicles of various sizes.  X  8,000. 
FIG. 2. A  cross-section  of the median giant fiber illustrating a rare case in which the lamellae are arranged COb- 
pactly with considerable regularity. X  14,500. THE  JOURNAL OF 
BIOPHYSICAL ANI) BIOCHEMICAL 
CYTOLOGY 
PLATE  30 
VOL. 6 
(Hama: Giant nerve fibers) PLATE 31 
Fia.  3.  A  cross-section of a  lateral  giant fiber. The  construction of the lamellar  sheath is so simple that  the 
spiral lamella can be traced from the Schwann cell surface  (arrow  1)  to the axon-Schwann interface  (arrow  2). 
Mitochondria  (m)  in the interlamellar space and  fusiform densities representing nerve sheath attachment  areas 
(at) can also be observed. In the axon (gax)  are profiles of vesicular or tubular elements of the endoplasmic reticu- 
lure (er).  X  35,000. THE  JOURNAL  OF 
BIOPHYSICAL  AND BIOCHEMICAL 
CYTOLOGY 
PLATE  31 
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Fro. 4. A high power electron micrograph of a  cross-section of a  portion of the sheath of a  giant fiber, showing 
alignment of the attachment regions (at)  with cross-sections of filament bundles  ~)  between  them.  Both  radial 
and longitudinal attachment filaments can be discerned. Two parallel circumferential lines in the individual attach 
ment regions can be observed. Each of these lines appears to t:e continuous with the outer dense line of each  unit 
membrane. X  62,000. 
Insert.  A portion of a giant axon nerve sheath showing portions of some lamellae represented as rows of flattened 
vesicles which are oriented between intact lamellae.  X  25,000. THE  JOURNAL  OF 
BIOPHYSICAL  AND BIOCHEMICAL 
CYTOLOGY 
PLATE  32 
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FIG.  5. High power electron micrograph of an oblique section of the giant fiber sheath. The arrangement in the 
attachment region resembles that of a Schmidt-Lantermann incisure. Cross-sections of longitudinal sheath filament 
bundles (f), radial attachment filaments (fl), and cross-connections between apposed dense lines in the attachment 
region can be observed, X  81,000. 
FIO.  6. A high power electron micrograph of a part of a cross-section of the sheath of a giant fiber. Three dense 
lines can be seen on each lamel]a. Permanganate-fixed and araldite-embedded material.  X  190,000. 
FIG.  7. A high power electron micrograph of attachment area. The arrow designates cross-connections between 
each of the outer two dense lines comprising portions of the respective adjacent unit plasma membranes as special- 
ized at the attachment region. These appear to represent lamellar structures bridging the intercellular portion of 
the attachment structure.  Material  treated  10  minutes in 0.1  per cent phosphotungstic acid in absolute alcohol. 
X  240,000. 
FIG.  8.  An electron micrograph of a  part of the lamellae of the sheath of a  giant fiber. Each  lamella consists 
o[ two plasma membranes. Each plasma membrane displays the triple layered structure  characteristic  of Robert- 
son's unit membrane. Each consists of two dense lines of the same thickness with an intervening less dense lamina. 
From the same specimen as Fig. 7.  X  240,000. THE  JOURNAL OF 
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FIo.  9. Longitudinal section through the lateral part  of a  giant fiber. The attachment region  (at)  is seen as a 
long dense line oriented obliquely to the long axis of the giant axon (gax).  X  9,000. 
FIc.  10.  Slightly oblique section through a  septum (sp)  which crosses the giant axon  (gax).  The septum forms 
a  complete partition across the axon.  X  11,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
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F~G. 11. High power electron micrograph of a portion of a septum, which consists of two plasma membranes of 
adjacent giant axons (gax) adjoining in this region. Tubular endoplasmic reticulum  (el') is associated with both 
cytoplasmic surfaces of the septum.  X  112,000. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  35 
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FIGS. 12 and 13. Views of another portion of the septum. Vesicles of regular size (160 A) are lined up on both 
surfaces of the septum at regular intervals (100 A). These resemble synaptic vesicles.  Vesicles on opposing surfaces 
are in some places approximately in register. Note that the contact surface of  this septum is  morphologically 
symmetrical. Bullock  and others have shown that physiologically it behaves like  a  synapse which can transmit 
equally well in either direction. X  101,000;  X  220,000. THE  JOURNAL  OF 
BIOPHYSICAL  AND BIOCHEMICAL 
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